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(54) GRADATION DISPLAY METHOD FOR MATRIX INDICATION DISPLAY AND 
DISPLAY DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the number of divided frames and further to 
perform stable and practical gradation display by dividing one time of scanning line 
selection into plural kinds of time width of different relative ratios and providing 
gradations by controlling and emitting the divided term corresponding to gradation 
display information. 

SOLUTION: While defining one electrode as a scanning line 3 and the other electrode 
as a data line 1, one or plural scanning lines are successively selected through a 
driving device, and a line sequential scanning system for inputting video information 
from the data line 1 corresponding to a selected pixel is used. Then, one time of 
scanning line selection is divided into plural kinds of time width of different relative 
ratios and the gradation is provided by controlling and emitting the divided term 



corresponding to the gradation display information. Thus, since the gradation 
information for each pixel is weighted and divided for one time of scanning line 
selection and the gradation is expressed with that combination, the number of divided 
frames is suppressed low and further the gradation display not to generate flickering is 
enabled. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the gradation method of presentation of the matrix display display which 
makes the pixel of the intersection of each electrode emit light by impressing an 
electrical potential difference to the luminescence display device by which the 1st 
electrode and the 2nd electrode which are transparent and cross mutually come to 
**** at least one side in the shape of a matrix. One electrode The scanning line, Make 
another electrode into the data line and sequential selection of 1 or two or more 



scanning lines is made through a driving gear. In the gradation method of presentation 
of the matrix display display of a line-sequential-scanning method which inputs image 
information from the data line corresponding to the selected pixel The gradation 
method of presentation of the matrix display display characterized by obtaining 
gradation by responding to gradation display information, controlling the divided period 
and making it to divide into two or more time amount width of face from which phase 
contrast of 1 time of scanning-line selection time amount differs, and emit light. 
[Claim 2] The gradation method of presentation according to claim 1 which displays 
request gradation by dividing the inside of 1 time of scanning-line selection time 
amount into two or more time amount width efface which is different so that phase 
contrast of brightness may serve as a exponentiation of 2 corresponding to the weight 
of each bit of the video signal by which digital conversion was carried out, and driving 
a luminescence display device combining each of such time amount width of face. 
[Claim 3] The A/D-conversion section which changes into a digital signal the video 
signal inputted into the image input terminal of a display panel, The frame memory 
section which memorizes that video signal, and the signal transformation section 
which changes into the data signal using the gradation method of presentation 
according to claim 1 , and the scan signal corresponding to it the video signal read from 
this frame memory section. The mechanical component which outputs the power for 
emitting predetermined brightness based on the above-mentioned data signal and 
scan signal which were sent out from this signal transformation section. The 
luminescence display characterized by having the display-panel section which drives 
with the above-mentioned data signal and scan signal which were outputted from this 
mechanical component, and displays the image of predetermined gradation. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the gradation method of presentation 
concerned and the luminescence display which can perform a stable and practical 
gradation display especially about the luminescence display using the gradation 
method of presentation of the matrix display display which makes the pixel ^^^^(ed) 
by the electrode emit light, and this approach by impressing an electrical potential 
difference to luminescence display devices including an organic electroluminescence 
("organic electroluminescence'' being called below) luminescence display device or an 
inorganic electroluminescence (it calling "inorganic [ EL ]" below) luminescence 
display device. 



[0002] 

[Description of the Prior Art] At least one side is transparent and, as for the matrix 
display display which makes the pixel of the intersection of each electrode emit light, 
line sequential scanning is mainly performing image display by impressing an electrical 
potential difference to the luminescence display device which the 1st electrode and 
the 2nd electrode which cross mutually come to **** in the shape of a matrix. This 
defines one of the electrode groups which cross in the shape of a matrix as the 
scanning line, defines another side as the data line, and is 1 or the approach of 
choosing and scanning two or more at a time, making display an image with the signal 
from the data line, and constituting one screen about the scanning line. The electrode 
structure in the case of performing a gradation display to drawing 1 in this matrix 
display display is shown. When this has X-Y-matrix structure, only the number of the 
data line 1 which **** a luminous layer 2, and the scanning lines 3, i.e.. the number of 
the data lines, is set to m and it sets the number of scanning lines to n, one screen 
can be displayed by preparing the driver element of a m+n individual, and the driver 
element of a mxn individual is not needed like the static drive which holds a 
direct-drive component for every pixel. 

[0003] In line sequential scanning, all the pixels on a display display do not light up to 
coincidence. However, since human being s eyes have the storage effect, flashing of 
such a light quick enough is caught as the average that it cannot distinguish by human 
being s eyes. For this reason, if so high that the repeat frequency of line sequential 
scanning, i.e., drive frequency, cannot distinguish by human being's eyes, a flicker of a 
screen will not be recognized but image quality will be secured. 

[0004] In order to perform a gradation display in a display display with matrix-like 
electrode structure, it is necessary to perform brightness control based on the 
gradation information on an input video signal. Applied voltage or a current is made 
adjustable, the approach of changing brightness, and an electrical potential difference 
or the impression time amount of a current is made adjustable, and there are an 
approach of changing brightness in time, a method of changing brightness combining 
them, etc. in brightness control. The electrical-potential-difference becoming 
[ irregular ] method, a pulse-width-modulation method, the frame sampling method, a 
subfield notation, etc. are mentioned to gradation control used for the current display 
display. 

[0005] In it, the electrical-potential-difference becoming [ irregular ] method is an 
approach of changing the applied voltage according to gradation, when choosing and 
scanning a pixel. A Pulse-Density-Modulation method is an approach of applied 
voltage being fixed, making pulse width adjustable, and performing gradation control in 
time. The frame sampling method of applied voltage is fixed, and is an approach of 
performing gradation control in time, by controlling the existence of a frame display. 
Subfield NOT-AND operation notation is an approach divide one frame into each 



subfield of the time amount width of face according to the exponentiation of 2, and the 

combination of this subfield performs gradation control. 

[0006] 

[Problem(s) to be Solved by the Invention] The various above-mentioned gradation 
driving methods are holding various troubles in the technical technical problem of a 
video-signal processing circuit or a driver element. 

[0007] Drawing 1 1 shows the scan timing in the electrical-potential-difference 
becoming [ irregular ] method. The electrical-potential-difference becoming 
[ irregular ] method is an approach of changing the applied voltage according to 
gradation, when it is mainly used for a liquid crystal display and a pixel is chosen and 
scanned. The advantage of this is being able to perform gradation, without only 
changing gradation information into an electrical potential difference, and adding a 
special circuit and equipment. However, the electrical-potential-difference difference 
of the gradation with which a voltage source is needed with gradation and especially 
the standup of the brightness voltage characteristic adjoins each other in a steep 
display panel becomes very small [ the number of gradation ], and a precision very 
high as a voltage source is required. 

[0008] Drawing 12 shows the scan timing in a Pulse-Density-Modulation method. A 
different point from the above-mentioned electrical-potential-difference becoming 
[ irregular ] method is a point of applied voltage being fixed, making pulse width 
adjustable, and performing gradation control in time. The advantage of this is a point 
that the brightness at the time of viewing is proportional to pulse width. However, if 
the gradation which it is going to display in each output in 1 time of scanning-line 
selection time amount differs, it is necessary to perform an electrical potential 
difference or current impression with respectively different pulse width. For that, the 
memory which stores the information for pulse width control for every output is 
needed, and this leads to the cost rise of drive ****, as a result the whole display 
panel. 

[0009] Drawing 13 shows the scan timing in the frame sampling method. The frame 
sampling method is an approach of changing brightness in viewing and generating 
gradation, by sampling intermittently the frame which constitutes one screen. I hear 
that the advantage of this does not need to make the special processing section for 
gradation control add to the circuit after constituting the gradation signal of a frame in 
any way. and it is in it. However, since only the number of gradation speeds up a scan, 
i.e., drive frequency, and performs a gradation display, very quick drive frequency is 
needed for performing the Takashina tone display. For this reason, the time amount 
which chooses the frame (this is defined as a "subframe") divided with the number of 
gradation, and is scanned becomes short, and a gradation processing circuit and a 
driver element are asked for very quick processing speed. If the count (this is defined 
as "frame frequency") which repeats and scans a frame to per unit time amount is 



made small in order to avoid this, blinking of a pixel will appear as a flicker and will 
become the cause of reducing image quality. Moreover, especially in a capacitive panel, 
as for making frame frequency high, the switching loss of a driver element, i.e., the 
power consumption of a drive circuit, increases. 

[0010] Drawing 14 shows the scan timing in the subfield notation used with the plasma 
display which has a memory effect. The writing and luminescence of a gradation signal 
are performed separately and, as for a subfield notation, can stop drive frequency low 
by setting the ratio of each luminescence time amount as the exponentiation of 2. The 
approaches of time sharing when a subfield notation performs a gradation display 
differ to an above-mentioned pulse-width-modulation method and the 
above-mentioned frame sampling method. To the former carrying out the 
division-into-equal-parts rate of the one frame in time, the latter is divided by the 
exponentiation of 2 and performs a gradation expression with the combination. 
However, since the time amount from display termination of one screen to display 
initiation of the next screen is shorter than the time amount taken to constitute one 
screen, the latter has the fault each other gradation information is mixed and is in 
sight. This is the phenomenon generated since human being's eyes have the storage 
effect, and flashing of the light which cannot be distinguished by human being's eyes is 
caught as the average. That is, when the brightness to display changes, the time 
relation of the gradation signal impression in one frame will look bright or dark by 
changing sharply rather than the gradation signal which should be displayed essentially. 
Since this phenomenon appears as the border line was drawn on the screen, it is 
called a false contour phenomenon. 

[0011] This invention was made in consideration of the above-mentioned actual 
condition, it can hold down to video-signal processing speed equivalent to a 
Pulse-Density-Modulation method, and the driver element of simple circuitry can be 
used for it on a par with the frame sampling method, it is stopped by the frame number 
of partitions still more equivalent to a subfield notation, and aims at offering the 
display using the gradation method of presentation and this approach of the matrix 
display display which can moreover perform a stable and practical gradation display. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the gradation method of presentation of the matrix display display of this 
invention It is the gradation method of presentation of the matrix display display which 
makes the pixel of the intersection of each electrode emit light by impressing an 
electrical potential difference to the luminescence display device by which the 1st 
electrode and the 2nd electrode which are transparent and cross mutually come to 
at least one side in the shape of a matrix. One electrode The scanning line, Make 
another electrode into the data line and sequential selection of 1 or two or more 
scanning lines is made through a driving gear. In the gradation method of presentation 



of the matrix display display of a line-sequential-scanning method which inputs image 
information from the data line corresponding to the selected pixel It divides into two 
or more time amount width of face from which phase contrast of 1 time of 
scanning-line selection time amount differs, and is characterized by obtaining 
gradation by responding to gradation display information, controlling the divided period 
and making it emit light. 

[0013] In said gradation method of presentation, request gradation can be displayed 
by dividing 1 time of scanning-line selection time amount into two or more time 
amount width of face which is different so that phase contrast of brightness may 
serve as a exponentiation of 2 corresponding to the weight of each bit of the video 
signal by which digital conversion was carried out, and making a light emitting device 
drive combining each of such time amount width of face. 

[0014] Moreover, the A/D-conversion section which changes into a digital signal the 
video signal with which this invention was inputted into the image input terminal of a 
display panel, The frame memory section which memorizes that video signal, and the 
signal transformation section which changes into the data signal using said gradation 
method of presentation, and the scan signal corresponding to it the video signal read 
from this frame memory section. The mechanical component which outputs the power 
for emitting predetermined brightness based on the above-mentioned data signal and 
scan signal which were sent out from this signal transformation section. It is related 
with the luminescence display characterized by having the display-panel section 
which drives with the above-mentioned data signal and scan signal which were 
outputted from this mechanical component, and displays the image of predetermined 
gradation. 
[0015] 

[Embodiment of the Invention] The example of the scan timing of the gradation display 
in the gradation method of presentation of this invention is shown in drawing 2 . In the 
one scanning line in drawing 2 , how to divide into two or more time amount width of 
face from which phase contrast of a scan time differs is shown in drawing 3 . All 
weighting of the selected scanning line is ended and it shifts to the following scanning 
line after that, and one frame is completed when finishing scanning all the scanning 
lines briefly. 

[0016] Thus, without adding modification special to a driver element, if weighting is 
carried out, it divides 1 -pixel gradation information each in 1 time of scanning-line 
selection time amount and gradation is expressed in the combination, frame frequency 
is stopped low and the gradation display which moreover does not generate a flicker is 
attained. Moreover, since the time amount which constitutes 1 -pixel gradation 
information each is shorter than one frame enough, unlike a subfield notation, a false 
contour phenomenon is not generated. 

[0017] Application is easy if this invention is a display display with the speed of 



response of components including an organic electroluminescence light emitting 
device quicker enough than the frequency (this is defined as a "gradation frequency") 
which can be found from the multiplication of the exponentiation to 2 of the duty and 
the number of gradation which choose frame frequency and the scanning line. 
[0018] Moreover, when performing a gradation display using this invention, two or 
more sorts of time relations which arrange each gradation information by which 
weighting was carried out are considered. The timing chart shown in drawing 4 is the 
example. Here, the unit of the time amount width of face corresponding to the weight 
of each bit of the video signal by which digital conversion was carried out is defined as 
a "subframe" in the A/D-conversion section. The weighting approach 1 of a gradation 
display is the case where divide a subframe at equal intervals and the weight in the 
inside of it is changed. The advantage in this case is a point which the transfer rate of 
a gradation control signal can set up low. It is necessary to divide no subframes at 
equal intervals at this time. Next, the weighting approach 2 of a gradation display is 
the case where a subframe is divided into different time amount width of face 
according to weight. Since luminescence time amount is made as for the advantage in 
this case to max, it is a point which can make brightness high. In any case, it can be 
coped with by changing a transfer of a gradation control signal, and the timing of a 
driver element of operation, and fundamental logic is common. 

[001 9] By the configuration of a simple video-signal processing circuit, in any case, 
image information can be sent out to the data line with a low transfer rate using the 
driver element of simple circuitry, and the gradation drive of a display display can be 
carried out to it stably and practical. 

[0020] In the luminescence indicating equipment of this invention, the video signal 
which is the A/D converter of the A/D-conversion section and was inputted into the 
image input terminal of a display panel is changed into a digital signal. The changed 
digital signal is memorized in the frame memory section. The video signal read from 
this frame memory section is changed into the data signal using the gradation method 
of presentation of this invention, and the scan signal corresponding to it in the 
gradation control circuit which is the signal transformation section. A mechanical 
component possesses a scan side drive circuit, a data side drive circuit, and the 
power source for a drive over these, and outputs the power for emitting 
predetermined brightness based on the data signal and scan signal which were sent 
out from the signal transformation section. The display-panel section is driven with 
the power based on the data signal and scan signal which were outputted from this 
mechanical component, and displays the image of predetermined gradation. This 
display-panel section has at least transparent one side, as shown in drawing 1 , and it 
is constituted by display displays, such as organic [ which the 1st electrode and the 
2nd electrode which cross mutually come to **** in the shape of a matrix ], or 
inorganic EL luminescence display device. 



[0021] 

[Example] Hereafter, this invention is explained based on an example. 
The color organic electroluminescence light emitting device with 320x240 pixels which 
constituted the example 1 data line from a transparent electrode, and constituted the 
scanning line from a metal electrode was used. It has separated to stripe-like RGB 
further and 1 pixel is trichotomized by the data line and the parallel direction. Although 
an organic electroluminescence light emitting device shows a unipolar flow property, 
the direction of a metal electrode, i.e., the data line, to the scanning line is the flow 
direction from the transparent electrode here. 

[0022] The input video signal was made into analog RGB of 256 gradation, and 
performed weighting of gradation by the exponentiation of 2. Thereby, 1 time of 
scanning-line selection time amount consists of pulse width of the ratio of 1 to 2 to 4 
to 8 to 16 to 32 to 64 to 128. 256 kinds of electrical-potential-difference impression 
time amount was made for eight pulses from which such width of face differs a display 
or by making it non-display, and the gradation display was performed. When drive 
frequency is set as 60Hz, a gradation frequency is set to 1 15kHz and a period is about 
9 microseconds. With 1 or less microsecond, since the speed of response of an 
organic electroluminescence light emitting device is fully quick, it can perform a good 
gradation display. 

[0023] The organic electroluminescence light emitting device was made to drive by 
the circuitry shown in drawing 5 . First, the inputted video signal is changed into the 
digital signal of 8 bits of parallel by the A/D converter, and is stored up to a frame 
memory. In a gradation control circuit, 1 bit of signals according to the weight of 
gradation is sent out to ejection and a data side drive circuit among 8-bit signals. And 
a data side drive circuit impresses the electrical potential difference according to 
luminescence and nonluminescent to the data line. This is repeated by 8 bits between 
1 time of scanning-line selection time amount, and the gradation display of the one 
scanning line is completed. 

[0024] On the other hand, the scanning line changes the output voltage of a scan side 
drive circuit from high potential to low voltage with scan initiation of this scanning line. 
Then, as for the pixel to which the pixel applicable to the gradation signal which shows 
luminescence corresponds to the gradation signal with which the direction of the 
scanning line shows nonluminescent by becoming low voltage, i.e., forward bias, from 
the data line, the data line becomes under luminescence starting potential to the 
scanning line. It is drawing 6 which took out 1 pixels of these potential relation and 
current paths from drawing 5 , and showed them. 

[0025] Moreover, as shown above, as long as luminescence and nonluminescent 
contrast is secured enough, the power source of different potential may be used like 
drawing 7 which takes out 1 pixel similarly and is shown. 

[0026] In this example, it is smaller than time amount 1 / 60x239 / 240 seconds until it 



is 1/60x1 / 240 seconds as 1 time of scanning-line selection time amount is shown in 
drawing 8 , and then this scanning line is scanned from the frame frequency of 6OH2, 
and the 240 number of scanning lines enough. The false contour phenomenon looked 
at by the subfield notation by this is not generated. 

[0027] In addition, in a LED display, it is only that a supply voltage value and an output 
current value differ from luminescence starting potential, and can completely be 
adapted with the same configuration. 

[0028] The gradation method of presentation of example 2 example 1 was applied to 
the color inorganic EL light emitting device. Here, the duplex insulating-layer structure 
color inorganic EL light emitting device with 640x480 pixels which constituted the data 
line from a transparent electrode and constituted the scanning line from a metal 
electrode was used. It has separated to stripeHike RGB further and 1 pixel is 
trichotomized by the data line and the parallel direction. The duplex insulating-layer 
structure inorganic EL light emitting device has structure which sandwiched the 
luminous layer by the insulating layer of two sheets, is expressed by the capacitive 
load equivalent and has a memory effect. For this reason, impression of the forward 
negative pulse lot which consists of one at a time, respectively was made into the 
minimum luminescence unit. By making a forward negative pulse into a lot, it becomes 
possible the display of a pixel, and un-displaying, without being conscious of a memory 
effect. Although a duplex insulating-layer structure inorganic EL light emitting device 
is an alternating current drive mold display display and it does not have the directivity 
in a drive, a transparent electrode is defined as the data line and a metal electrode is 
defined as the scanning line here. 

[0029] Since a duplex insulating-layer structure inorganic EL light emitting device is a 
capacitive load, a charge is accumulated in the capacitor with which a current flows to 
a pixel and it is expressed to it equivalent. If a charge storage, i.e., charge, is 
completed, the current which contributes to luminescence will not flow except for the 
slight leakage current. The mechanism of luminescence emits light, when a current 
flows to a luminous layer, and electronic recombination happens and it changes to a 
low energy level. From the above thing, the brightness of a duplex insulating-layer 
structure inorganic EL light emitting device is proportional to the number of the 
forward negative pulses of the lot impressed to per unit time amount in 
electrical-potential-difference impression of long time amount rather than charge of 
the capacity is completed. For example, since the speed of response of SrS:Ce is very 
as quick as about 50ns, even if it applies this invention as a gradation method of a 
duplex insulating-layer structure inorganic EL light emitting device, a problem is not 
generated at all. 

[0030] Inorganic EL light emitting device was made to drive by the circuitry shown in 
drawing 9 . An input video signal is processed like an example 1 up to a gradation 
control circuit. The point that the drive of inorganic EL light emitting device differs 



from an organic light emitting device is a point of impressing the pulse of amphipathy. 
When a forward negative pulse lot is made into the minimum luminescence unit, in the 
subframe of weight 1 , the output logic of a data side drive circuit is reversed once. 
According to this, the output logic of a scan side drive circuit is also reversed once. 
Only the count corresponding to the weight of each subframe for this actuation 
reverses the output logic of a data side drive circuit and a scan side output circuit. 
Gradation control is possible by this approach as well as an example 1. 
[0031] Drawing 10 comes out of 1 pixel of drawing 9 picking, is a circuit diagram the 
bottom and shows the potential relation of the data line and the scanning line in case 
luminescence starting potential is 180V. When a scan pulse is +220V, light is emitted 
by setting the data line to OV, and it considers as nonluminescent by setting the data 
line to +40V. When the polarity of a scan pulse is reversed and it is set to -180V, light 
is emitted by setting the data line to +40V, and it considers as nonluminescent by 
being referred to as OV. By using the polarity-reversals circuit built in the driver 
element at this time, the same circuit as gradation control of an example 1 is 
applicable. 

[0032] Moreover, it is smaller than time amount 1 / 60x479 / 480 seconds until 1 time 
of scanning-line selection time amount is 1/60x1 / 480 seconds and then this 
scanning line is scanned from the frame frequency of 6OH2, and the 480 number of 
scanning lines enough. For this reason, the false contour phenomenon looked at by 
the subfield notation is not generated. In addition, in the range which does not deviate 
from the summary, this invention deforms variously and can be carried out. 
[0033] 

[Effect of the Invention] According to this invention, an organic light emitting device 
can be made into the start, in the gradation display of the display display of a 
passive-matrix mold with the speed of response of a component sufficiently quicker 
than a gradation frequency, image information is sent out to the data line with a low 
transfer rate using the driver element of simple circuitry, it can be stable and the 
gradation drive of a display display can be performed practical by the configuration of 
a simple video-signal processing circuit. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the display display which has 
matrix-like electrode structure. 

[Drawing 2] It is the explanatory view showing the scan timing of the gradation display 
in this invention. 



[Drawing 3] It is the explanatory view which was divided into two or more time amount 
width of face from which phase contrast of a scan time differs in the 1 scanning line 
and in which showing the scan timing of the gradation display in this invention. 
[Drawing 43 It is the explanatory view showing the example of timing of a scan signal 
and a data signal in this invention. 

[Drawing 5] It is a drive circuit block diagram in an example 1 . 

[Drawing 6] It is the diagram showing the wave of the scan signal in an example 1 , and 
a data signal, and the current path at the time of luminescence. 

[Drawing 7] It is the diagram showing the wave of the scan signal in an example 1, and 
a data signal, and other current paths at the time of luminescence. 
[Drawing 8] It is the explanatory view showing the scan timing of the gradation display 
in the 1 scanning line of an example 1. 

[Drawing 9] It is a drive circuit block diagram in an example 2. 

[Drawing 10] It is the diagram showing the wave of the scan signal in an example 2, 
and a data signal, and the current path at the time of luminescence. 
[Drawing 1 1] It is the explanatory view showing the scan timing of the gradation 
display in an electrical-potential-difference gradation method. 

[Drawing 12] It is the explanatory view showing the scan timing of the gradation 
display in a Pulse-Density-Modulation method. 

[Drawing 13] It is the explanatory view showing the scan timing of the gradation 
display in the frame sampling method. 

[Drawing 14] It is the explanatory view showing the scan timing of the gradation 
display in a subframe notation. 
[Description of Notations] 

1 Data Line 

2 Luminous Layer 

3 Scanning Line 
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